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Abstract 
Preisach model is widely used in modeling of smart materials. Although first order reversal curves (FORCs) have often found ap-
plications in the fields of physics and geology, they are able to serve to identify Preisach model. In order to clarify the relationship be-
tween the Preisach model and the first order reversal curves, this paper is directed towards: (1) giving the reason a first order reversal 
curve is introduced; (2) presenting, for identifying Preisach model, two discrete methods, which are analytically based on first order 
reversal curves. Herein also is indicated the solution’s uniqueness of these two identifying methods. At last, the validity of these two 
methods is verified by simulating a real smart actuator both methods have been applied to. 
Keywords: first order reversal curve; Preisach model; smart material; discrete; identify 
1 Introduction* 
As a familiar nonlinear phenomenon, hystere-
sis exists in many systems with built-in smart mate-
rial structures. It exerts negative influences on con-
trollability of the systems such as limit loop, break-
down of precision and stability, etc. Therefore, hys-
teresis must be taken into account when modeling 
and controlling smart material structures. On the 
other hand, Preisach model is widely used because 
it allows predicting changes of output caused by 
changes of applied inputs. This prediction is carried 
out by measuring a set of curves termed as first or-
der reversal curves (FORCs). FORCs, which origi-
nate on the descending (or ascending) half of the 
major loop and terminate at positive (negative) 
saturation, have long been utilized in the areas of 
physics and geology, but also are able to be used to 
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identify Preisach model. This paper is dedicated to 
the study of the relationship between Preisach 
model and FORCs. Two discrete methods based on 
FORCs for identifying Preisach model are given. 
The uniqueness of the solution of both methods is 
illustrated, and the feasibility of them is born out by 
simulating a smart actuator made on the base of 
these methods. Moreover, it is shown that the iden-
tifying speed is quick and the precision is high. 
2 Hysteresis in Smart Materials 
As a strongly nonlinear phenomenon, hystere-
sis was first introduced into science about 120 years 
ago by the Scottish physicist, Alfred Ewing. The 
term “hysteresis” is defined as follows: “When there 
are two quantities M and N, such that cyclic varia-
tions of N cause cyclic variation of M, then if the 
changes of M lag behind those of N, we may say 
that there is hysteresis in the relation of M and N”[1]. 
Fig.1 shows the relationship between inputs and 
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outputs of hysteresis. From the above description, if 
inputs are cyclic, the outputs must be cyclic as well, 
and turns out an input-output diagram in the form of 
a loop called a hysteresis loop, as seen in Fig.2. In 
Fig.1 and Fig.2, u and y denote the input and the 
output of hysteresis respectively. Smart materials, 
such as magnetostrictives, piezoelectrics, electroac-
tive polymers (EAPs), shape memory alloys (SMAs), 
electro-rheological (ER) fluids and magneto- 
rheological (MR) fluids, all display certain coupling 
phenomena between applied electromagnetic/ther- 
mal fields and their mechanical/rheological proper-
ties. The actuators and sensors with these built-in 
materials are often called smart structures, which 
are capable of sensing and responding to environ-
mental changes in accordance with designers’ re-
quirements. But the existence of hysteresis in smart 
materials makes it considerably difficult to use 
smart actuators and sensors[2]. 
 
Fig.1  Input/output hysteresis diagram. 
 
Fig.2  Hysteresis loop. 
3 Preisach Model and Preisach Function 
Preisach model is widely used as a phenome-
nological model to describe hysteresis. It can be 
regarded as a weighting sum (see Fig.3) of many 
elementary units which is called hysteron (see 
Fig.4). The output of hysteron can also be other 
values, such as +1 and 0. The weighting function is 
 
Fig.3  Illustration of hysteresis. 
 
Fig.4  Hysteron. 
defined as Preisach function. In Fig.3, ,i iRα β (i = 1,···, 
N) are hysterons, μi (i = 1,···, N) are their corre-
sponding weights. 
Now comes a conclusion that if the values of 
 αi,  βi are fixed, the only one needed to identify is 
the Preisach function. Here, the idea of Preisach 
plane (see Fig.5) must be introduced to illustrate 
how to fix the values of αi, βi by means of Eq. (1).  
( ){ }0 0, , ,2P Rβ α α β β β α α∈     (1) 
 
Fig.5  Preisach plane. 
4 First Order Reversal Curves (FORCs) 
First order reversal curves (FORCs) have long 
been used in the fields of physics and geology. They 
originate on the descending (or ascending) half of 
the major loop and terminate at positive (or negative) 
saturation. 
To obtain FORCs in the systems with hystere-
sis, an input should be divided into quite some equal 
sections from the positive to the negative saturation, 
Δ ≥ 
≥
 
≥
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and input the responding values to the systems ac-
cording to Fig.6. The left diagram in Fig.6 termi-
nates at the positive saturation, while the right one 
at the negative. Fig.7 shows the FORCs based on 
Fig.6. 
 
Fig.6  Input values versus time to obtain FORCs. 
 
Fig.7  FORCs. 
5 Two Identification Methods Based on 
   FORCs[2-6] 
Method 1: Given the input range [umin, umax] 
dependant on the input bound required to study, the 
minimal umin means negative saturation, and the 
maximal umax positive. Then the input is discretized 
into uniform L+1 levels called discretization of level 
L, and the cells in the grid of Preisach plane are la-
beled by from 1 to N = L(L+1)/2. The Preisach mass 
within each cell, called a discrete mass, is assumed 
to concentrate at the cell center. The quantities 
needed to identify are weighting masses. For exam-
ple, when L = 4, N = 10 (see Fig.8). 
 
Fig.8  Discretization of level 4.  
The input u(t) should be chosen in such a way 
that the contribution of each weighting mass can be 
singled out, and a FORC is a candidate which ac-
cords with it. To initialize the states of a hysteron, 
the input is decreased to umin, then some pieces of 
monotone, continuous inputs u(t), are applied and 
the outputs y(t) measured; or else the same proce-
dure should be repeated if the input is increased to 
umax. Fig.6 presents those two cases. Signals u(t), y(t)  
are then sampled into sequences. The input se-
quence {u[n]} is fed into the discretized Preisach 
operator, the state of each hyseron (denoted by 
{
k
γ [n]}) computed, and the responded output se-
quence recorded. If each output of a hysteron is 
written out every instant (denoted by C), the rela-
tionship between an output (denoted by Y) and a 
weighting coefficient (denoted by W) will be ob-
tained in Eq. (2):  
                  CW = Y               (2) 
where W is what is required. 
It is clear that if C is a nonsingular matrix, then 
the Eq.(2) has a unique solution, which can be guar-
anteed by the following proposition. 
Proposition: Defined by Eq.(3), the matrix C 
acquired from the first case of Fig.6 (having termi-
nated at the positive saturation) is nonsingular, and 
the same is true of the second case of Fig.6 (having 
terminated at the negative saturation). 
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Thus from Eq.(2), can be procured the matrix 
W which is based on a solution of discrete weight-
ing masses on Preisach plane. 
Method 2: The other discrete method to iden-
tify Preisach model also involves acquiring a 
Preisach function based on FORCs. Similarly, if the 
input range from the negative saturation or the 
minimal input needed (for example, 0) to the posi-
tive saturation (denoted by α0) is divided into N 
equal sections, the input at each needed point is 
kα0/N (0≤k≤N). The input increases from the 
minimal to an arbitrary point, i.e. kα0/N (0≤k≤N), 
then decreases to zero gradually. In this course, the 
values of output at each point between the minimal 
input and kα0/N (0≤k≤N) are recorded. Based on 
the values of the outputs can be obtained the corre-
sponding X (α, β), where α = kα0/N, β  = rα0/N (0≤
r≤k≤N). By connecting these points, a table of 
Preisach function X (α, β) results. 
From Refs.[3] and [4], it can be derived the 
following explicit numerical expressions of the Prei- 
sach model: 
When u(t) is ascending, 
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where ( )1, −kkX βα , ( )kkX βα ,  are past input ex-
trema which affect the outputs. 
6 Application to a Smart Actuator 
Next, the theory of this paper was applied to a 
real piezoelectric smart actuator of WIDS-IA type 
ranging from 0 to 300 V to examine the feasibility 
of both methods based on FORCs. Calculations 
were carried out on the base of experiment data in 
Ref.[5]. The FORCs are shown in Fig.9, and the 
results identified on the ground of Method 1 and 
Method 2 are shown in Fig.10 and Table 1 sepa-
rately. 
 
Fig.9  FORCs of WIDS-IA. 
 
Fig.10  Results based on method 1. 
Table 1 Results (X(α, β)/μm) based on Method 2[4] 
β/V α/V 0 30 60 90 120 150 180 210 240 270 
300 19.98 19.40 18.25 16.29 13.72 10.76 7.95 5.46 3.33 1.54 
270 18.13 17.36 16.22 14.32 11.81  8.90 6.11 3.69 1.67  
240 15.75 14.98 13.85 11.97  9.50  6.66 3.96 1.78   
210 12.86 12.09 10.97  9.13  6.72  4.11 1.78    
180  9.69  8.92  7.80  5.96  3.78  1.59     
150  6.82  6.06  4.95  3.25  1.42      
120  4.34  3.60  2.54  1.24       
90  2.46  1.77  0.85        
60  1.22  0.58         
30  0.57          
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7 Conclusion 
The relationship between the Preisach model 
and the first order reversal curves are discussed, and 
then two discrete methods based on these curves to 
identify Preisach model proposed. Finally, by simu-
lating a real piezoelectric smart actuator of WIDS- 
IA type where both methods have been applied, the 
feasibility and validity of both is born out. 
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